suggest a model for Shh-directed transcription where the Gli-bound cis-regulatory domain acts as a toggle switch to impose Glidependent control over genes with multiple cis-regulatory domains.
Loss and gain of Hedgehog (Hh) function in humans cause craniofacial and brain abnormalities such as holoprosencephaly and Gorlin and Grieg syndromes respectively. Holoprosencephaly is associated primarily with mutations in SHH, while Gorlin and Grieg syndromes have been mapped to mutations in PATCHED1 and GLI3. Hh signaling therefore is critically required for proper craniofacial and brain development and must be tightly regulated, however our understanding of the gene and protein networks governing Hh signaling remains incomplete. To identify new Hh protein signaling complexes ("Hedgehogome") we performed proteomic analyses of mammalian Hh signaling proteins using (1) Interactions between the Wnt and FGF signaling systems contribute to the coordination of cell fate and morphogenesis in the posterior lateral line primordium (pLLp) as it migrates caudally depositing neuromasts from its trailing end. Wnt signaling at the leading end of the pLLp promotes proliferation and drives expression of FGF ligands. However, as the Wnt system locally inhibits activation of the FGF receptor, FGF ligands, secreted in response to Wnt signaling, diffuse away from the Wnt system and activate FGF signaling in an adjacent trailing domain. Activation of FGF signaling locally inhibits Wnt signaling and this facilitates establishment of a stable FGF signaling center. This FGF signaling center initiates formation of proto-neuromasts by promoting formation of epithelial rosettes and by initiating center-biased expression of atoh1a. We have built a computational model of this genetic regulatory network in the pLLp incorporating the local inhibitory relationship between the Wnt and FGF signaling systems, coupled with long distance support of the FGF system by Wnt-dependent FGF ligand production. It reveals the remarkable patterning potential inherent in this simple genetic network. The model shows how a center-biased FGF signaling center could be established in proto-neuromasts, and how the pattern of Wnt and FGF signaling is expected to change in the trailing domain of the pLLp, where FGF signaling dominates and Wnt signaling is weaker. The model also shows how Wnt-dependent proliferation is expected to create the conditions for spontaneous generation of new FGF signaling centers at the leading end of the pLLp. We are now experimentally testing a number of predictions and specific assumptions of this model. Despite the characterization of numerous genes required for limb development, remarkably little is known about the mechanisms determining forelimb vs. hindlimb identity. Pitx1 is a homeodomain transcription factor that is differentially expressed in hindlimbs and implicated in the specification of hindlimb morphology. Earlier studies suggest that the hindlimb transcription factors Tbx4, HoxC10, and HoxC11, are likely direct transcriptional targets of Pitx1, but definitive evidence for this regulatory interplay is lacking. We sought to pinpoint the binding sites that mediate Pitx1 function and to identify additional genes that Pitx1 may directly regulate. Using a ChIP-seq approach in embryonic mouse hindlimbs, we identified thousands of putative Pitx1 binding sites and found these to be significantly enriched near genes involved in limb morphogenesis, including Tbx4, HoxC10, and HoxC11. Analysis of Pitx1-enriched ChIP sequences shows significant overlap of Pitx1 binding sites with functionally verified limb enhancers. Notably, we identified a known hindlimb-specific enhancer in the Tbx4 gene as a binding site for Pitx1. Cell culture studies demonstrate that this hindlimb enhancer is up-regulated in the presence of Pitx1, and in vivo studies show that mutation of the highly conserved Pitx1 binding site in this Tbx4 enhancer results in substantially reduced enhancer activity in mouse embryos. Our findings validate the biological relevance of a Pitx1 binding site in the regulation of Tbx4 expression and provide proof of the direct regulation of Tbx4 by Pitx1. Future work will focus on a subset of putative Pitx1 binding sites that exhibit extreme conservation and that are located near key limb-patterning genes. 
